ABSTRACT. Correlation between genetic parameters and factors such as backfat thickness (BFT), rib eye area (REA), and body weight (BW) were estimated for Canchim beef cattle raised in natural pastures of Brazil. Data from 1648 animals were analyzed using multi-trait (BFT, REA, and BW) animal models by the Bayesian approach. This model included the effects of contemporary group, age, and individual heterozygosity as covariates. In addition, direct additive genetic and random residual effects were also analyzed. Heritability estimated for BFT (0.16), REA (0.50), and BW (0.44) indicated their potential for genetic improvements and response to selection processes. Furthermore, genetic correlations between BW and the remaining traits were high (P > 0.50), suggesting that selection for BW could improve REA and BFT. On the other hand, genetic correlation between BFT and REA was low (P = 0.39 ± 0.17), and included considerable variations, suggesting that these traits can be jointly included as selection criteria without influencing each other. We found that REA and BFT responded to the selection processes, as measured by ultrasound. Therefore, selection for yearling weight results in changes in REA and BFT.
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INTRODUCTION
Brazil is the largest beef exporting country in the world, and to remain so, will need to maintain a continuous supply of quality products as well as gaining new ones. Many traits are involved in determination of meat quality, such as rib eye area (REA) and backfat thickness (BFT), which are used as selection criteria in many cattle breeding programs in Brazil.
However, before including these traits in breeding programs, it is necessary to understand their genetic variability. The greater the genetic variability of a trait in the population, the greater is its response to selections. This concept can be applied to maximize the genetic potential for production of high quality meats.
Canchim (5/8 Charolais + 3/8 Zebu) is a Brazilian beef cattle breed developed in the early 60's. They have adapted to the tropical climate of Brazil, and can be raised on natural pastures. Moreover, this breed shows good growth potential with desirable meat quality. Currently, there are four possible crossing schemes for obtaining Canchim animals; each scheme results in a slight difference (around 7%) in the percentages of Charolais and Zebu traits in the offspring. According to Barichello et al. (2011) , these differences are a source of variation for growth traits, and should be accounted for in the statistical model by including the contribution of each breed, and their individual levels of heterozygosity.
The main advantage of crossbreeding and composite breeds is the ability to obtain high genetic progress by joining desirable traits of two or more breeds into a single animal. This takes advantage of heterosis, which is a genetic phenomenon that induces higher proportion of the trait of interest in the offspring than in the parents. According to Hohenboken (1985) , this degree of superiority varies in accordance with the degree of maternal and individual heterozygosis, the genetic distance between breeds crossed, the gene frequencies in the base populations, and the specific traits considered.
Estimation of population genetic parameters provides information regarding trait inheritance, and establishes the basis for choosing the most appropriate approaches to improve productivity. Therefore, the aim of this study was to estimate heritability and genetic parameters that influences rib eye area, backfat thickness, and body weight for Canchim cattle using a Bayesian inference approach.
MATERIAL AND METHODS

Data set
Records from 1648 half-sib offspring (776 males and 872 females) derived from 152 sires, were born between 2003 and 2008. They were raised as seven herds on pasture from the Brazilian states of Goiás and São Paulo, and were part of the Canchim Cattle Breeding Program. BW, REA, and BFT were measured from 2005 to 2010 in Canchim animals raised on high quality natural pasture.
REA (cm 2 ) and BFT (mm) were obtained through cross-sectional imaging of the Longissimus muscle between the 12 and 13th ribs. An ALOKA 500V (Corometrics Medical Systems Inc., Wallingford, CT, USA) apparatus equipped with a 3.5-MHz, 17.2-cm linear transducer (Aloka Co. Ltd., Tokyo, Japan) as well as an acoustic coupler (standoff pad) was used to obtain RTU images. Images were stored on an image capture system (Black box, Biotronics, Ames, IA, USA), and subsequently analyzed.
Ultrasound measurements, as well as BW determinations, were performed in animals between the months of February and April each year. The animals ranged from 15 to 26 months of age.
Statistical models of genetic analysis
Fixed effects to be considered in the analysis model were chosen after determining their statistical significance (P < 0.05) with a linear fixed effects model via the GLM procedure of SAS (SAS, 2010) .
A multi-trait analysis including REA, BFT, and BW was conducted on the environmental and genetic effects that exerted influence on our traits of interest to estimate the (co)variance components used to calculate heritability and genetic correlations. The animal model included fixed effects of contemporary groups (CG), linear covariates of the animal's age at the time of measurement and animal heterozygosity (Barichello et al., 2011) , as well as additive direct genetic and random residual effects. Contemporary groups were obtained by combining year of birth, herd, and sex, yielding 31 distinct contemporary groups. Only animals with measurements in at least two traits and a CG value of more than five animals were considered in the analysis.
Animal-retained heterozygosity was calculated according to the formula:
(1 )
in which Si = fraction of the breed i (either Charolais or zebu) in the sire; Di = fraction of the breed i (either Charolais or zebu) in the dam, as described by Dickerson (1973) . Marginal posterior distributions of (co)variance components and heritability for BW, REA and BFT were estimated by Bayesian inference using the Gibbs sampling method (Misztal et al., 2002) . Gibbs chains of 2,550,000 iterations were generated for each parameter, with a burn-in period of 50,000 iterations, and a sampling interval of 500 iterations. There were a total of 4900 independent samples for Maximum a posteriori estimates. Convergence of the Gibbs sampling chain to a stationary distribution was diagnosed using the Heidelberger and Welch (1981) method, as described by Cowles et al. (1995) . The CODA package (Plummer et al., 2006) was used, which was implemented in the R library [R Development Core Team (2012 ), version 2.13.2 -2012 .
A flat (non-informative) Maximum a priori distribution was defined for fixed effects (b), and an inverse Wishart distribution was assumed for the genetic and residual (co)variance components. This type of Maximum a priori distribution was expected to provide dominant data, i.e., the Maximum a priori information has little influence on the estimates (Meirelles, et al., 2009 ).
The statistical model used was:
where: y = vector of observations; b = vector of fixed effects (contemporary group and covariates); u = vector of direct additive genetic effect; e = vector of random residual errors associated with the observations; X and Z = incidence matrices for each effect. The 95% credibility region (CR) used in the Bayesian analysis was achieved by eliminating the lowest 2.5% and the highest 2.5% in the Maximum a posteriori parameter distributions.
The genetic parameters were estimated using the following formulas: 
RESULTS
Phenotypic mean values for REA, BFT and BW were similar to those reported by Meirelles et al. (2010) (Table 1) , which was not completely unexpected as the population in the previous study was incorporated within this data set. Compared to results by Meirelles et al. (2010) , the REA trait presented a slightly higher variation coefficient, due to the increase in its range (minimum of 19.91 to a maximum of 82.80 cm 2 ) in this study, while BFT and BW show similar values in descriptive statistics (Table 1) . SD = standard deviation; CV = coefficient of variation; REA = rib eye area; BFT = backfat thickness; BW = body weight. The maximum a posteriori mean, mode and median heritability estimates for all traits did not converge to the same value (Table 2) , which was an indicator of symmetric distribution. However, the values were similar, and the maximum a posteriori heritability distributions for these traits were very close to a normal distribution, as shown in Figure 1 . According to Gianola and Foulley (1990) , when the maximum a posteriori mean, mode, and median estimates differ, the mode is considered the most accurate estimate in the Bayesian inference context. Therefore, we assumed heritabilities of 0.44 for BW, 0.50 for REA, and 0.16 for BFT. Table 2 . Maximum a posteriori estimates of mean, mode, median and 95%CI for heritabilities of BW, REA and BFT in Canchim cattle.
Genetic correlations between BW and the remaining traits were high (Table 3) for the Canchim population.
The genetic correlation between REA and BFT was lower, and demonstrated high variability. This should be taken into account while designing a breed improvement program. The environmental correlations between BFT and BW, and between BFT and REA, were close to zero, indicating that environmental factors acting on BFT do not influence the development of BW and REA (Table 3) . However, results from environmental correlation suggested that some environmental factors affects both REA and BW in the same direction. 
DISCUSSION
This study confirms and further advances results of a previous report by Meirelles et al. (2010) by increasing the number of phenotypes evaluated for determining the reliability of genetic parameters in estimating of carcass traits of pasture-raised Canchim cattle. Additionally, our study assessed preferable genotypes for fast improvement of these traits based on the individual heterozygosity, which would allow farmers to choose which Canchim cross system would deliver the most desirable animal.
In addition, Yokoo et al. (2008) and Zuin et al. (2012) obtained similar phenotypic mean values for REA (48.38 and 52.93 cm 2 , respectively), and BFT (1.93 and 2.58 mm, respectively) while studying Nellore cattle between 15 and 19 months of age. However, another study examining Canchim cattle raised in a feedlot system showed higher phenotypic mean values for REA (91.30 cm 2 ) and BFT (5.00 mm), suggesting that the Canchim breed also responds well a feedlot system (Rubiano et al., 2009) .
In this study, the heritability estimated for BFT (0.16) was slightly lower than that previously reported by Meirelles et al. (2010) , but was still within its estimated heritability range. Zuin et al. (2012) reported a similar heritability value of 0.21, while Yokoo et al. (2008) reported a higher value of 0.52 for BFT. Both studies were carried out in Nellore animals raised either on pasture or on pasture with mineral supplementation. These moderate values for BFT heritability suggested that subcutaneous fat assessed by ultrasound measurements at yearling and post yearling ages can be used to estimate breeding values in Brazilian Canchim populations. Likewise, this trait can be used as a direct selection criterion to improve Canchim beef quality.
The estimated heritability for REA (0.50) was slightly higher than that previously reported by Meirelles et al. (2010) . This difference may be due to the increased number of animals evaluated in our study, which can increase genetic variability. Furthermore, the previous study used a different animal model under a frequentist approach. In the literature, it is possible to find heritability estimates for REA ranging from 0.29 to 0.64 (Reverter et al., 2000; Yokoo et al., 2008; Barbosa et al., 2010; Zuin et al., 2012) in Nellore (Brazil), Angus, and Hereford (Australia) populations. The wide range of heritability estimates for REA may be due to a variety of factors, such as the number of animals evaluated (from approximately 1000 to 12,000), the effects included in the statistical model, environment differences, breedspecific genetic differences, and herd management. Nonetheless, selection for REA should yield fast genetic progress due to its high heritable proportion.
Previous studies in Canchim cattle reported heritability for BW ranging from 0.23 to 0.54 (Alencar et al.,1993; Mascioli et al., 1996; Meirelles et al., 2010; Borba et al, 2011) , which was similar to the heritability estimated in this study (0.44). Our results also agreed with a number of studies investigating heritability of growth traits, which showed that these traits have moderate to high heritability in most beef cattle breeds (Marshall, 1994; Gregory et al., 1995; Utrera and Van Vleck, 2004) .
The genetic correlations between BW and the remaining traits this study suggesting that selection for BW could improve both REA and BFT. However, other studies also showed high genetic correlation between BW and frame size (Horimoto et al., 2007) , which could lead to selection of animals with higher maintenance requirements (Ferrell and Jenkins, 1985) .
The individual heterozygosity in this Canchim population enables producers to favor animals with higher heterozygosity levels as a strategy for faster genetic improvement of BFT, REA, and BW. As BFT demonstrates low heritability, it is advantageous to implement this selection system. There were no previous studies conducted on individual heterozygosity in Canchim animals, however, Barichello et al. (2011) reported the influence of individual and maternal proportion of Charolais, as well as the positive effects of maternal heterozygosity on weaning traits in Canchim cattle.
In this study, we found that rib eye area and backfat thickness responded to genetic improvement, and that selection for yearling weight could result in increases in rib eye area and backfat thickness. The levels of individual heterozygosity should be taken into account while analyzing Canchim data. These findings should be utilized by the Brazilian Canchim Breeders Association in order to obtain animals with better carcass composition in their genetic breeding programs.
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